Objective: The aim of this study was to determine the feasibility of sentinel lymph node (SLN) biopsy in patients with gastric cancer for the assessment of regional lymph node status. Summary Background Data: SLN is the first draining node from the primary lesion, and it is the first site of lymph node metastasis in malignancy. SLN mapping and biopsy are of great significance in the determination of the extent of lymphadenectomy, allowing patients with gastric cancer to have a better quality of life without jeopardizing survival. Methods: The SLN biopsy was performed in 46 consecutive patients having gastric cancer with a preoperative imaging stage of T1/T2, N0, or M0. Three hours prior to each operation, 99m Tc tin colloid (2.0 mL, 1.0 mCi) was endoscopically injected into the gastric submucosa around the primary tumor. Subsequently, serial lymphoscintigraphy was performed using a dual-head gamma camera. After the SLN biopsy had been performed using a gamma probe, all patients underwent radical gastrectomy (D2 or D2ϩ␣). The SLN was cut and immediately frozen-sectioned. A paraffin block was then produced for permanent hematoxylin-eosin staining and immunohistochemistry (IHC). Results: SLNs were successfully identified in 43 of 46 patients (success rate, 93.5%). On average, 2 (range, 1-8) SLNs were identified per patient. The positive predictive value, negative predictive value, sensitivity, and specificity of SLN biopsy were 100% (11 of 11), 93.8% (30 of 32), 84.6% (11 of 13), and 100% (30 of 30), respectively. SLNs were located at the level I lymph nodes in 38 (88.4%), the level IϩII nodes in 2 (4.7%), and the level II nodes in 3 (7.0%). No micrometastases of SLNs was found on IHC for cytokeratin. Conclusions: SLN biopsy using a radioisotope in patients with gastric cancer is a technically feasible and accurate technique, and it is a minimally invasive approach in the assessment of patient nodal status.
T he role of lymphadenectomy in gastric cancer has been debated for decades. 1 Issues that D2 dissection may yield better outcome in gastric cancers than D1 dissection have been addressed, but still no prospective randomized trials proved the benefit of lymphadenectomy in D2 dissection. 2 Nonetheless, the proponents for the value of more extended lymphadenectomy are increasing in number, and major centers in the United States favors D2 dissection. 3 However, because preoperative diagnostic techniques, including computed tomography (CT) and ultrasonography, do not provide an accurate prediction of metastasis in the regional lymph node nodes, gastrectomy with extended lymphadenectomy (D2 or D2ϩ␣) is still considered as a standard surgical approach for early gastric cancer in Korea and in some other countries. 4, 5 In addition to prolonged operation time and hospitalization, the morbidities accompanying extended lymphadenectomy, such as bleeding, leakage, pancreatitis, subdiaphragmatic abscess, lymphorrhea, and chylous ascites cannot be trivialized. 6 Recently, a wedge resection with limited lymphadenectomy was attempted by Ohgami et al 7 to improve the quality of life in patients with early gastric cancer. Miwa 8 claimed that extended lymphadenectomy in early gastric cancer resulted in a significantly lower 10-year recurrence rate than limited lymphadenectomy and suggested 2 optimal methods of node dissection in early gastric cancer based on nodal status: for patients without metastatic regional lymph node to be treated by limited lymphadenectomy (D1) for quality of life considerations, and for those with metastatic regional lymph node to be treated by extended lymphadenectomy (D2 or D2ϩ␣) for survival. Therefore, if feasible, sentinel lymph node (SLN) mapping and biopsy would be of significant value in the management of early gastric cancer, in which extended lymphadenectomy may be unnecessary.
SLNs, the first draining nodes from a tumor, should be theoretically the first site of lymph node metastases. Moreover, SLN biopsy has revolutionized the surgical management of malignant melanoma 9,10 and breast cancer. 11, 12 However, its feasibility in gastric cancers has not been well established. The feasibility and reliability of SLN biopsy in gastric cancer remain to be settled because of the complicated lymphatic basin from the stomach and the presence of frequent skip metastases. Recently, Kitagawa et al 13 have reported promising results about its feasibility in gastric cancer. The aim of current study was to determine its feasibility and reliability in gastric cancer.
METHODS
From November 2001 through December 2002, 46 consecutive patients were enrolled in this study. All patients were confirmed to have gastric adenocarcinoma by endoscopic biopsy preoperatively. Their preoperative stage by imaging studies, computed tomography (CT), and abdominal ultrasonography, was diagnosed to be T1 or T2 without lymph node (N0) or distant metastasis (M0). Written informed consent for lymphatic mapping and the SLN biopsy was obtained from every patient before operation. Three hours prior to each operation, 99m Tc tin colloid (2.0 -3.0 mL, 1.0 mCi) was endoscopically injected into 4 sites of the gastric submucosa around the primary tumor. Subsequently, serial lymphoscintigraphy was performed using a dual-head gamma camera (MultiSPECTII, Siemens, Germany). Planar scans were also obtained after 10, 30, 60, 90, and 120 minutes.
Patients arrived at the operating room 1 to 3 hours after the radioisotope injection. After a general anesthesia followed by the opening of the abdominal wall, radioactivity was monitored using a hand-held gamma probe (NEO2000TM Gamma Detection System; Neoprobe Co., Ltd, OH) as soon as possible and without significant manipulation of the stomach or greater omentum. SLN was defined by a radioactivity level 10 times higher than background. 13, 14 Excised SLNs were sent to a pathologist separately, and then routine radical gastrectomy (D2 or D2ϩ␣) was performed on all patients. Before completing the surgery, the absence of residual radioactivity in the abdomen was confirmed with a hand-held gamma probe. Excised SLNs were sent to department of pathology in a fresh state for single frozen section stained with hematoxylin and eosin (H&E). When SLN nodes were histologically interpreted as negative for metastasis at frozen biopsy, 2 additional sections were cut from the paraffin block for permanent H&E staining and immunohistochemical (IHC) for cytokeratin (1:100; Dako, CA). The remainder of the specimen was processed in the standard manner used for the pathologic diagnosis of gastric adenocarcinoma specimens.
RESULTS
The clinicopathologic characteristics of patients enrolled in this study are summarized in Table 1 . On average, 2 (range, 1-8) sentinel lymph nodes and 32.3 (range, 14 -64) retrieved lymph nodes were identified per patient. A preoperative lymphoscintigraphy was performed only in 10 patients because of practical problems. Among 10 patients, SLNs of only 3 patients were lymphoscintigraphically visualized 10, 60, and 120 minutes after injection, respectively. In 1 of these 3 patients, a SLN was not detected by a gamma probe, although the remaining 7 patients whose SLN was not lymphoscintigraphically visualized were successfully detected by a gamma probe. SLNs were successfully identified in 43 patients (93.5%) with gastric cancer. Among 32 patients in which SLNs were negative for metastasis, all non-SLNs were also negative except by 2 patients. Those 2 patients were false negative (6.3%, 2 of 32) by SLN biopsy. Among 11 patients with positive SLNs, 5 were positive and 6 negative in non-SLNs. In those 6 patients, the SLN was the only site of lymph node metastasis (Fig. 1) . The positive and negative predictive values of the SLN to predict regional lymph node status were 100% (11 of 11) and 93.8% (30 of 32), respectively. Sensitivity and specificity of the SLN biopsy were 84.6% (11 of 13) and 100% (30 of 30) ( Table 2 ).
All of the SLNs were located in the perigastric lymph nodes (level I), such as LN #1, #3, #4, #5, and #6, except in 3 patients (7%) where, though not metastatic in pathology, these were skipped over the perigastric area and identified along left gastric artery (LN #7, level II, Fig. 2 ). In other 2 patients (4.7%), SLNs were located at levels II and I (Fig. 3 ). In 10 patients, SLNs were positive for metastasis by frozen biopsy, which was also confirmed by permanent H&E staining. Among 33 patients in whom SLNs were negative for metastasis on frozen biopsy, 32 were also negative either on permanent H&E staining or IHC for cytokeratin, and 1 patient was positive by permanent H&E staining. Therefore, the accuracy of the SLN frozen biopsy was 97.7% (42 of 43). No micrometastases of SLNs were found on IHC for cytokeratin.
DISCUSSION
The concept of SLN characterization is of great interest to many surgical oncologists because it may be a guideline to the determination of the extent of cancer surgery. The feasibility of SLN biopsy has been studied extensively for cancers in the stomach, 1,13-17 colon, 18, 19 head and neck, 20 thyroid, 21 prostate, 22 cervix, 23 breast, 11, 12 and skin. 9, 10 The clinical implications of SLN biopsy, however, in gastric cancer remain controversial. Maruyama et al 5 asserted that SLN biopsy in gastric cancer could not be used for reducing the extent of lymphadenectomy because of the complicated lymphatic streams from the stomach and the presence of frequent skip metastases. Tsuburaya et al 24 reported that the sensitivity of sentinel lymph node biopsy performed by exploring the adjacent basin would be very low, especially for the lesions in the lesser curvature and posterior wall. However, Kitagawa et al 17 recently claimed that SLN mapping during laparoscopic surgery, and during laparotomy, is a sensitive and feasible intraoperative technique for identifying lymph node metastasis in patients with gastric cancer. The present study is a first trial of SLN biopsy using a radioisotope in patients with gastric cancer in a country other than Japan.
In the resent study, SLN mapping and biopsy in patients with gastric cancer using 99m Tc tin colloid proved satisfactory. The mean number of SLNs in patients was 2 (range, 1-8), which is lower than previously reported 13 in patients with gastric cancer. Unlike breast cancer and malignant melanoma, a preoperative lymphoscintigraphy in cases of SLN biopsy for gastric cancer may be not available. A preoperative lymphoscintigraphy was performed only in 10 patients because of practical problems. In the remaining 7 Annals of Surgery • Volume 239, Number 3, March 2004 Sentinel Node Biopsy in Gastric Cancer patients, whose SLN was not lymphoscintigraphically visualized, the SLNs were successfully detected, although in 1 of 3 patients, whose SLN was lymphoscintigraphically visualized, the SLN was not detected by a gamma probe. Our lymphoscintigraphic results are consistent with those of Aikou et al, 14 who visualized only 2 of 61 SLNs preoperatively by lymphoscintigraphy. They suggested that the failure of preoperative lymphoscintigraphy to detect SLNs might reflect the proximity of these nodes to the injection site. Mean time required for the SLNs biopsy was 20 -30 minutes, and no any adverse complications related to this procedure were encountered. In terms of the predictive value of our study, SLNs accurately predicted metastasis in the regional lymph nodes of each gastric cancer patient. The positive and negative predictive values of SLN were 100% and 93.8%, respectively. The skip metastasis in gastric cancer has been considered an obstacle to the utilization of the SLN concept. The incidence of skip metastasis in gastric cancer was found to be 0 -10% in other retrospective studies 14, 25 and 5.1% in other SLN biopsy study. 13 In our study, the potential skip metastasis occurred in 7%. Skip metastasis in gastric cancer, however, is not an obstacle in the use of SLN concept because a SLN biopsy can localize and identify such metastasis. Micrometastasis in gastric cancer using antibodies to cytokeratin was found in 4 -6.3% of cases in other studies. 14, 26 In the present study, no micrometastasis of SLNs by IHC for cytokeratin was found in 32 of 33 patients in whom the SLNs were negative for metastasis on frozen biopsy. It is a shortcoming of our study that only 52 of the SLNs were examined for micrometastasis. If number of the SLNs examined for IHC had been higher, SLNs showing micrometastasis may have been detected.
In conclusion, SLN biopsy in gastric cancer using a radioisotope proved technically feasible for the detection of SLN located at level II or I and accurately predicted metastasis in the regional lymph nodes in each patient. This technique may be of a great benefit to surgeons for the determination of the extent of lymphadenectomy in gastric cancer. A multicenter validation study of SLN biopsy should establish standard guidelines for deciding the extent of lymphadenectomy in gastric cancer.
